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@ Method of and apparatus for detecting fuel system leak. 



(57) The existence of an unacceptable vapour leak 
can be determined by monitoring the pressure 
within a fuel system of an internal combustion 
engine. Once the engine is switched off, a 
period (T1) is timed to allow pressure variations 
due to movement of the fuel to subside to an 
acceptable level. The fuel system is closed and 
a first rate of pressure increase is detenmined by 
measuring a first time (T2) taken for the press- 
ure to rise by a predetennined amount (Pi). A 
leak of a predetermined size is then introduced 
and a second rate of pressure increase is deter- 
mined by measuring a second time (T3) taken 
for the pressure to rise by a predetermined 
amount (Pt). The first and second times are then 
compared to detect whether or not an unac- 
ceptable leak exists. 
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The present invention relates to a method of and 
apparatus for detecting a fuel system leak. 

In order to reduce hydrocarbon emissions from 
fuel systems of vehicles fitted with Internal combus- 
tion engines, it is known to vent the system through a 
canister containing charcoal for removing the hydro- 
carbons before they can be released to the atmos- 
phere. However, should an unacceptable leak occur 
between the canister and the remainder of the fuel 
system, fuel vapour can leak to the atmosphere, thus 
releasing hydrocarbons. Forthcoming legislation re- 
quires that any such teak should be no greater than 
approximately 1 mnrv^ and it is necessary to test fuel 
systems so as to detect an unacceptably large vapour 
leak from the fuel system. This test should be applied 
by the vehicle engine management system. 

Various proposals have been made for testing 
fuel systems for unacceptable leaks. Such techni- 
ques rely on pressurising or depressurising the fuel 
system to assess the size of any leak. However, such 
techniques are performed while the engine is running 
and the vehicle is moving. Movement of the vehicle 
causes movement or sloshing of fuel In a fuel tank 
and this gives rise to problems In accurately assess- 
ing the degree of vapour leakage by causing unpre- 
dictable variations in pressure. 

According to a first aspect of the invention, there 
Is provided a method of detecting an unacceptable va- 
pour leak in a fuel system of a vehicle internal com- 
bustion engine, comprising performing a pressure 
test while the engine is switched off, the pressure test 
comprising closing the fuel system and measuring a 
first rate of pressure rise in the fuel system, introduc- 
ing a predetermined vapour leak into the fuel system 
and measuring a second rate of pressure rise in the 
fuel system, and comparing the first and second rates 
of pressure rise to detect the presence of an unac- 
ceptable vapour leak. 

According to a second aspect of the invention, 
there is provided an apparatus for detecting an unac- 
ceptable vapour leak in a fuel system of a vehicle In- 
ternal combustion engine, comprising: 
detecting means for detecting when the engine is 
switched off; 

pressure measuring means for measuring pressure in 
the fuel system; 

closing means for closing the fuel system; 
introducing means for Introducing a predetermined 
vapour leak into the fuel system; 
first means responsive to the detecting means and 
the pressuiB measuring means for determining a first 
rate of pressure rise in the fuel system when the clos- 
ing means is operated to dose the fuel system; 
second means responsive to the detecting means 
and the pressure measuring means for determining a 
second rate of pressure rise in the fuel system when 
the introducing means is operated to introduce the 
predetermined vapour leak into the fuel system; and 



comparing means for comparing the first and second 
rates of pressure rise to detect the presence of an un- 
acceptable vapour leak. 

The invention will be further described, byway of 
5 example, with reference to the accompanying draw- 
ings, in which: 

Figure 1 is a schematic diagram illustrating a leak 
detecting apparatus constituting an embodiment 
of the invention; 
10 Figure 2 is a graph of pressure against time illus- 
trating operation of the apparatus of Figure 1; 
and 

Figures 3 to 5 are flow diagrams illustrating a 
method constituting an embodiment of the inven- 
ts tion. 

A vehicle internal combustion engine comprises 
an engine block 1 and a cylinder head 2. The cylinder 
head 2 Is connected to a plenum 3 forming part of an 
induction system of the engine. Operation of the en- 

20 gine, including control of ignition and fuelling, is con- 
trolled by an engine management system 4 including 
an electronic control unit. 

The vehicle incorporates a fuel system including 
a fuel tank 5 provided with a fuel level sensor 6 and 

25 a fuel filler cap 7 monitored by a filler cap switch 8 to 
check that theflller cap 7 Isf itted. The switch 8 Is con- 
nected to the engine nr^anagement system 4. The fuel 
tank 6 is further provided with a pressure release 
valve 9 and a tank gauge pressure transducer 10. The 

30 valve 9 is arranged to open so as to vent the fuel tank 
5 and the remainder of the fuel system In order to pre- 
vent unacceptably high vapour pressures from occur- 
ring within the tank and fuel system. The pressure 
transducer 10 measures the pressure within the fuel 

35 system relative to atmospheric pressure and supplies 
a signal representing the pressure, which nnay be 
above or below atmospheric pressure, to the engine 
management system 4. 

The fuel tank 5 has a venting an-angement com- 

40 prising a pipe 1 1 connected via a charcoal canister 12 
and an evaporative loss system closure valve 13 to 
the atmosphere for releasing excess pressure. The 
valve 13 comprises a solenoid valve controlled by the 
engine management system 4. The charcoal canister 

45 1 2 is further connected via a solenoid purge valve 14 
controlled by the engine management system 4 to the 
plenum 3. 

During normal operation of the engine, the sys- 
tem closure valve 13 is kept open by the engine man- 

50 agement system 4 whereas the purge valve 14 is kept 
closed. Thus, the fuel tank 5 and the fuel system are 
vented to the atmosphere via the charcoal canister 12 
and the valve 13 so as to prevent pressurising or de- 
pressurising of the fuel system. Excess gas from the 

55 fuel system passes through the charcoal canister 1 2, 
where hydrocarbons resulting from fuel evaporation 
are removed so as to prevent the release of hydrocar- 
bons to the atmosphere via the valve 13. The purge 
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valve 14 is designed to control the rate of purge of fuel 
fron^ the canister 12 and may be driven by a variable 
markyspace ratio signal from the ECU. 

The electronic control unit within the engine man> 
agement system 4 comprises a data processor pro- 5 
grammed to perform various engine management 
functions. Additionally, the data processor is pro- 
grammed to perform the method steps illustrated in 
Figures 3 to 5 in order to provide fuel system leak de- 
tection when the engine Is switched off. Figure 2 illus- io 
trates the fuel tank pressure as measured by the 
transducer 10 during leak detection against time 
starting from time TO when the engine is switched off. 
A step 20 determines whether the ignition is switched 
off and, when this occurs, a step 21 resets a timer T1 is 
and a step 22 starts the timer T1. A step 23 checks 
the status of the filler cap on switch 8 to determine 
whether the filler cap is correctly closed and, If not, 
a driver warning is issued at 24 and control is re- 
turned to the step 20. If the filler cap is properly 20 
closed, a step 25 monitors the fuel level sensor 6 to 
determine whether the fuel level is below a threshold. 
If the fuel level Is above the threshold, insuf f icientf uel 
evaporation will take place in order to perform the 
leak detection, and control returns to the step 20. If 25 
the fuel level is below the threshold, a step 26 checks 
whether the timer T1 has timed out and. when this oc- 
curs, the leak checks are performed at 27. Thus, be- 
fore the leak checks commence, the engine manage- 
ment system 4 ensures that the filler cap is closed 30 
and the fuel level in the tank 5 is sufficiently low to 
permit proper leak testing. By waiting for a time period 
shown as T1 in Figure 2, excessive movement or 
sloshing of fuel in the fuel tank 5 subsides so as not 
to effect the leak testing. Additionally, the pressure 35 
measured by the transducer 10 and/or the fuel level 
measured by the sensor 6 may be monitored by the 
data processor so as to prevent testing from com- 
mencing until pressure variations and fuel level 
movements have fallen to acceptably low levels to 40 
permit proper testing to commence. 

The leak test 27 is illustrated In Figure 4. At 30, 
the evaporative loss system closure valve 13 is 
closed and at 31 the initial pressure P1 as detenmined 
by the transducer 10 is stored. A timer T2 is reset at 45 
32 and started at 33. A check is made at 34 as to 
whether the pressure measured by the transducer 10 
has increased by PL If not, a step 35 checks whether 
the timer T2 has exceeded a limit time period and, if 
not, control is returned to the step 34. If the limit time so 
perk>d has been exceeded, a step 36 aborts the leak 
test and flags a running check, which will be descri- 
bed with reference to Figure 5. 

If the pressure measured by the transducer 10 
reaches the value PI + Pt before the timer T2 ex- ss 
ceeds the limit time period, the time period is stored 
at 37. This conresponds to the time period T2 illustrat- 
ed in Figure 2. A predetermined known leak is intro- 



duced in to the fuel system at 38, for instance equiv- 
alent to a vapour leak through a hole having an area 
of 1 mm^. This may be provided by arranging the valve 

13 to create such a leak under control of the engine 
management system 4. Alternatively, the purge valve 

14 may be operated by the engine management sys- 
tem so as to provide an effective leak of this size to 
the plenum 3 and hence back through the induction 
system to the atmosphere. The purge valve 14 has 
two states and the degree of leakage can be control- 
led by supplying a pulse waveform of appropriate 
mark/space ratio to the solenoid purge valve 14 so as 
to create a leak which is equivalent, over the time per- 
iod of the test, to a hole of area 1 mm^. 

At 39, a timer T3 is reset and started at 40. A step 
41 checks whether the pressure monitored by the 
transducer 10 has been incremented by a further in- 
crement Pt. If not, a step 42 checks whether the timer 
T3 has exceeded a limit value and, If so, control pass- 
es to 36 so that the test is aborted and a running 
check Is flagged. If the limit value for the timer T3 is 
not exceeded and the pressure within the fuel tank 5 
reaches the target value PI + 2Pt, the timer value is 
stored at 43. This corresponds to the time interval T3 
illustrated in Figure 2. The time intervals T2 and T3 
are checked at 44 to ascertain whether twice the time 
interval T2 is greater than the time interval T3 if not, 
the system Is Indicated as being acceptable at 45. 
Otherwise, a system fault is indicated at 46. 

Thus, if a leak in the fuel system exceeds the 
maximum acceptable value (1 mm^ in area in the 
present embodiment), then the rate of rise of pressure 
caused by fuel evaporation in the fuel system will be 
less than twice the rate of rise when the controlled 
leak is applied, so that the apparatus can detect the 
presence of an unacceptably large leak. In the at>- 
sence of a leak or where an acceptably small fuel sys- 
tem leak occurs, the rate of pressure rise in the first 
part of the test will be greater than twice the rate of 
pressure rise during the second part of the test. It is 
therefore possible to detect whether an unacceptable 
leak has occurred within the fuel system. 

Figure 2 illustrates operation after the leak test 
has been performed. At the end of the time period T3, 
the valves 13 and 14 are closed and the pressure 
within the tank 5 and the fuel system rises to a max- 
imum permitted value Pm at time T4. The engine 
management system 4 opens the valve 13 so as to 
vent excess pressure to the atmosphere via the char- 
coal canister 12 until the tank pressure falls to an ac- 
ceptable value, whereupon the valve 13 is again 
closed. The pressure then rises to the maximum val- 
ue Pm again and the valve 13 is opened, this cycle of 
operation being repeated so as to prevent the pres- 
sure from exceeding the maximum value Pm while 
minimising the loss of fuel vapour. 

If at any time during the test the Ignition is turned 
on again or the filler cap 7 is opened, the test is abort- 
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The pressure release valve 9 is set to open at a 
predetermined pressure greater than the maximum 
pressure Pm so as to provide a safety valve for pre- 
venting excess pressurisatlon of the fuel system in 5 
the event of a failure preventing the valve 13 from be- 
ing opened to release pressure. The engine manage- 
ment system 4 may be arranged to give a warning if 
the pressure measured by the transducer 10 exceeds 
the maximum pressure Pm, so that remedial action io 
may be taken to detect the fault and make a repair. 

If the timer T2 or timer T3 times out in the steps 
35 and 43. this may be because the system has a 
large leak or there is Insufficient fuel vapour pressure 
to obtain the necessary pressure rise. Under these 15 
circumstances during the next vehicle trip, with the 
engine running the routine shown in Figure 5 is per- 
formed. At 50 the status of the running flag is checked 
and if set at step 36 in Figure 4 the inlet manifold de- 
pression is checked at step 51 . The manifold depres- 20 
sk>n may be calculated by the engine management 
system from air mass flow, engine speed and intake 
air temperature, if the manifold depression is greater 
than a set level then a running check may be per- 
formed. Valve 1 3 is closed at step 52 and timer T4 is 25 
reset and started at steps 53 and 54 respectively. The 
tank pressure P2 Is read and stored at 55. The purge 
valve is opened at step 56. After a predetermined time 
perfod is timed by timer T4 at step 57, the tank pres- 
sure P3 is again read and stored at step 58. At step 30 
59 the pressure drop P2-P3 which has occurred in 
time interval T4 is compared with a threshold value. 
If this pressure drop is less than the threshold value 
then a system leak is flagged at step 60. Otherwise 
the system is flagged as being operational at step 61 . 35 

In the presence of a genuine leak, the time period 
timed by the timer T4 and the pressure threshold are 
such that the predetermined pressure drop cannot be 
achieved If a large leak is present. However, if the 
pressure drop can be achieved within this time period, 40 
then insufficient fuel vapour was being generated by 
the fuel during the leak test and a large leak Is not 
present 

In suitably equipped engines, this test may be 
cross-checked against the amount of vapour purged 4S 
during a previous trip by monitoring the amount of 
lambda feedback fuel correction. 

It is thus possible to provide an apparatus for and 
a method of detecting an unacceptably large vapour 
leak in a fuel system with increased reliability. Leak so 
testing is substantially unaffected by fuel movenrtent 
or sloshing in the fuel tank 5 and testing is only per- 
formed when conditions appropriate to reliable testing 
exist. 
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Claims 

1. A method of detecting an unacceptable vapour 
leak in a fuel system of a vehicle internal combus- 
tion engine* characterised by performing a pres- 
sure test while the engine (1, 2) is switched off. 
the pressure test comprising closing the fuel sys- 
tem (5, 1 1 , 12) and measuring a first rate of pres- 
sure rise in the fuel system (5, 11 , 1 2). introducing 
a predetermined vapour leak into the fuel system 
(5. 11, 12) and measuring a second rate of pres- 
sure rise in the fuel system, and comparing the 
first and second rates of pressure rise to detect 
the presence of an unacceptable vapour leak. 

2. A method as claimed in Claim 1 , characterised In 
that at least one of a predetermined delay and 
monitoring of variations in pressure In the fuel 
system is performed so as to inhibit testing until 
pressure variations resulting from excessive 
movement of fuel have fallen to acceptably low 
levels. 

3. A method as claimed in Claim 1 or 2, character- 
ised in that the first rate of pressure rise is meas- 
ured by measuring a first period (T2) taken for the 
pressure to rise by a first predetermined amount 
(Pt). and the second rate of pressure rise Is meas- 
ured by measuring a second period (T3) taken for 
the pressure to rise by a second predetermined 
amount (Pt). 

4. A method as claimed in Claim 3. characterised In 
that the second predetermined amount is equal to 
the first predetermined amount, the predeter- 
mined vapour leak Is equal to the largest accept- 
able vapour leak, and the existence of an unac- 
ceptable vapour leak is determined when the sec- 
ond period (T3) is less than twice the first period 
(T2). 

5. A method as dai med in any one of the preceding 
claims, characterised in that a further test is per- 
formed when the first or second rate of pressure 
rise is less than a respective limit value, the fur- 
ther test being perfonmed during a period of en- 
gine operation and comprising measuring a rate 
of pressure decrease in the fuel system when the 
fuel system is connected to an engine manifold 
(3) and determining that an unacceptable vapour 
leak is present when the rate of pressure de- 
crease is less than a predetermined value. 

6. An apparatus for detecting an unacceptable va- 
pour leak in a fuel system of a vehicle internal 
combustion engine (1, 2), characterised by: 

detecting mean 8(4) for detecting when the 
engine is switched off; 
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pressure measuring means (10) for meas- 
uring pressure In the fuel system (5, 11, 12); 

dosing means (13, 14) for closing the fuel 
system; 

introducing means (13) for introducing a 5 
predetermined vapour teak into the fuel system; 

first means (4) responsive to the detecting 
means (4) and the pressure measuring means 
(10) for determining a first rate of pressure rise In 
the fuel system while the closing means (13» 14) io 
Is operated to close the fuel system; 

second means (4) responsive to the de- 
tecting means (4) and the pressure measuring 
means (1 0) for determining a second rate of pres- 
sure rise in the fuel system while the Introducing 15 
means (13) is operated to Introduce the predeter- 
mined vapour leak into the fuel system; and 

comparing means (4) for comparing the 
first and second rates of pressure rise to detect 
the presence of an unacceptable vapour leak. 20 



ed to an engine manifold (3), and to determine 
that an unacceptable leak is present when the 
rate of pressure decrease is less than a predeter- 
mined value. 



7. An apparatus as claimed in Claim 6, character- 
ised by further comprising inhibiting means (4) 
arranged to perform at least one of a predeter- 
mined delay (Tl) and monitoring of variations of 25 
pressure within the fuel system, so as to inhibit 
the first and second detecting means (4) until 
pressure variations resulting from excessive 
movement of fuel have fallen to acceptably low 
levels. 30 



8. An apparatus as claimed in Claim 6 or 7, charac- 
terised in that the first means (4) is arranged to 
measure the first rate of pressure rise by meas- 
uring a first period (T2) taken for the pressure to 35 
rise by a first predetermined amount (Pt), and the 
second n^ans (4) Is arranged to measure the 
second rate of pressure rise by measuring a sec- 
ond period (T3) taken for the pressure to rise by 

a second predetermined amount (Pt), 40 

9. An apparatus as claimed in Claim 8, character- 
ised in that the second predetermined amount 
(Pt) Is equal to the first predetermined amount, 

the predetermined vapour leak is equal to the 45 
largest acceptable vapour leak, and the existence 
of an unacceptable vapour leak is detennined 
when the second period is less than twice the first 
period. 

50 

10. An apparatus as claimed In any one of Claims 6 
to 9, characterised by comprising further test 
means (4) for performing a further test when the 
first or second rate of pressure rise Is less than a 
respective limit value, the further test means (4) 55 
being arranged, during a period of engine opera- 
tion, to measure a rate of pressure decrease in 

the fuel system when the fuel system is connect- 
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